There is a need to explore how to increase the satiating power of the diet, so that people feel full with less energy, and by this means reduce their spontaneous energy intake. A reduction of dietary fat from typically 37-27% of total calories will produce a weight loss of 3-5 kg over 6 months, depending on the amount and source of carbohydrate and protein in the diet. The weight loss is sustained as long as the diet composition is adhered to, and evidence from the large Women's Health Initiative dietary intervention trial showed that those who complied with the fat reduction without any energy restriction maintained a lower body weight over 9 years than those on a normal fat diet. The predominant mechanism for the weight loss effect is the lower energy density of the fat-reduced diet, so that this diet provides more food volume and weight for less energy, and hence greater satiating effect than a higher-fat diet. It is likely that the diet also provides a metabolic advantage in individuals susceptible to obesity by a genetically determined impaired ability to rapidly adjust fat oxidation in response to increasing the dietary fat content. The carbohydrate source is also important for the diet's effect on body weight, that is, whereas sugars in solid foods seem to have the same satiating effect than starch, sugar in drinks seems to exert a low inhibition of subsequent food intake. Newer research indicates that increasing the protein content at the expense of fat and carbohydrate might offer a way to increase the satiating and thermogenic effect of ad lib diets, and facilitate weight loss and maintenance. There is a need for effective dietary strategies to prevent weight gain in the population, and weight regain in overweight individuals after a weight loss. In theory the solution is very simple, but implementation will continue to be difficult and ineffective as long as we maintain the view that just telling people to eat less and exercise more is sufficient to effect a change. This simplistic strategy assumes that humans have conscious control over appetite and body weight regulation, which is certainly not the case for most people. If it were that simple, there would be no overweight or obese people. Unfortunately, our body's regulatory systems are developed to avoid effectively depletion of body energy stores, whereas the systems that prevent excessive accumulation of fat during periods of abundant availability of foods are easily suppressed by palatability, and by the social, psychological and the rewarding aspects of foods.
The need to understand what causes a positive energy balance
There is a need for effective dietary strategies to prevent weight gain in the population, and weight regain in overweight individuals after a weight loss. In theory the solution is very simple, but implementation will continue to be difficult and ineffective as long as we maintain the view that just telling people to eat less and exercise more is sufficient to effect a change. This simplistic strategy assumes that humans have conscious control over appetite and body weight regulation, which is certainly not the case for most people. If it were that simple, there would be no overweight or obese people. Unfortunately, our body's regulatory systems are developed to avoid effectively depletion of body energy stores, whereas the systems that prevent excessive accumulation of fat during periods of abundant availability of foods are easily suppressed by palatability, and by the social, psychological and the rewarding aspects of foods.
The problem nowadays is that many people are extremely sedentary, making it possible to overeat even though dietary intake is quite small. For example, it is easy to prepare tasty, filling meals, with drinks, for an active person who needs about 2500 kcal/day, but it is difficult to do this for a sedentary person who needs only 1800 kcal. This is why the major focus for science at present is to find out how to increase the satiating power of the diet -so that people feel full on less energy. There is no doubt that large portion sizes, and energy-dense foods generally drive energy intake up, 1 but the composition of the diet is also important.
Dietary fat versus carbohydrate
The relative impact of the different macronutrients on energy balance and risk of weight gain has gained increasing attention, and the official recommendations say that the dietary fat should be reduced to account for not more than 30% of the total energy ingested. The background for this advice is partly with an aim to achieve, indirectly, a reduction of saturated fat, but also because it is generally recognized that a dietary change that reduces dietary fat content from 40 to 25-30% of energy intake under ad libitum conditions produces 2-4 kg weight loss. 2 At least three different meta-analyses have consistently concluded that a reduction in fat in ad libitum diets leads to a spontaneous weight loss in overweight and obese subjects (Figure 1) , with accompanying improvements in risk factors for cardiovascular disease. [3] [4] Consequently, it is highly probable that the obesity rate would have increased even more over the past 20 years or so if dietary fat content had not decreased during this period. A fourth meta-analysis by Pirozzo et al.
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specifically aimed to determine the effectiveness of low-fat diets in achieving sustained weight loss when used for the expressed purpose of weight loss in obese or overweight people. The selection process produced only six trials that met their predefined inclusion criteria. The authors concluded that low-fat diets are as efficacious as other weightreducing diets for achieving sustained weight loss, but not more so. While the authors aimed to assess the effectiveness of the different diets on sustained weight loss, none of the studies had actually active intervention during the follow-up period. Thus, the questions addressed are not whether low-fat diets can sustain weight loss, but whether a brief period of consuming a low-fat diet can lead to sustained weight loss. To answer the first question, studies would have to continue active intervention (low-vs high-fat diet) for sustained periods of time. This was not carried out in any of the six studies included in this meta-analysis. 5 In contrast, the very large, randomized, controlled dietary intervention 'Women's Health Initiative Trial' recently reported that, over a period of 9 years, an ad libitum reduced fat diet produced a spontaneous weight loss over the first year, and subsequently produced less weight gain over 7 years than the normal fat control diet (Figure 2 ). 6 Clearly, the lack of compliance to the low-fat diet after the first year of intervention produced quantitatively smaller weight differences compared with the higher-fat diet, which was illustrated by a close correlation between fat reduction and weight loss, in both the intervention and in the control group ( Figure 3) . The results from randomized clinical trials are further supported by other types of research, which implicate a high-fat diet as one risk factor for weight gain. [7] [8] [9] The cause of weight loss produced by a low-fat diet is most probably due to its lower energy density. 10 One gram of carbohydrate (17 kJ/g) provides less than half the energy of 1 g of fat (37 kJ/g). This means that a smaller amount of energy is consumed in a carbohydrate-rich meal than in a fat-rich meal of similar weight. A starch-and fibre-rich diet is often comprised of a surprisingly large volume of foods. In one long-term study using such a diet, the volunteers actually had problems consuming the large volume of food, especially the diets composed for the volunteers with the highest energy requirements.
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Figure 1 Differences in weight loss (change in intervention minus change in control; kg) with 95% confidence intervals for 19 studies included in the meta-analysis. The weighted estimates and 95% confidence intervals from the fixed effects and random effects meta-analysis are also shown (reproduced from Astrup et al. 4 ).
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However, other factors may contribute to the weight loss, and the impaired ability of obesity-prone individuals to adjust to a greater fat oxidation rate when exposed to a highfat diet might make them more susceptible to the fat content of the diet.
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Does 3-5 kg weight loss really matter?
A sustained weight loss of 3-5 kg in obese at high risk for diabetes or cardiovascular disease is sufficient to reduce the incidence of type 2 diabetes by 40-60%, [14] [15] and maybe even to reduce the incidence of cardiac events. Type 2 diabetes is associated with an almost 10-year reduction in life expectancy, mainly owing to increased cardiovascular mortality, and its prevention therefore has substantial health benefits. In addition, typical weight loss of 3-5 kg produced by ad libitum low-fat diets is more likely an underestimation of the true effect. Obviously, adherence to the low-fat diets can be difficult in a 'toxic high-fat, soft drink environment'. There is good evidence to demonstrate the necessity of some sustained intervention therapy in order to counteract the tendency to fall back into usual dietary habits. Consequently, compliance and diet adherence become key issues to consider when assessing the efficacy of fat-reduced diets in long-term weight management. A number of the trials have provided some evidence to support that incomplete dietary compliance tends to underestimate the real effect of a fat reduction. Swinburn et al. 16 found that weight loss on an ad libitum low-fat diet was 3.3 kg after 1 year. However, if the subjects in the intervention group were stratified according to compliance assessed by attendance at the monthly meetings and completion of the diet diaries, one gets a better idea about the efficacy of the low-fat diet to produce weight loss ( Figure 4 ). While those in the less compliant group lost only about 1 kg, the more compliant group lost almost 6 kg after 1 year. 16 Moreover, it is evident that many people think that they are consuming a low-fat diet but are not aware of many of the foods they eat are high-fat diet. Such factors will contribute to underestimate the real efficacy of low-fat diets. The follow-up in this trial clearly shows that unless the intervention is reinforced regularly, the patients will inevitably relapse (Figure 4) . In this aspect, dietary treatment does not differ from other medical treatment.
Types of carbohydrates
The importance of the glycaemic index (GI) of foods for appetite regulation is controversial. Some scientists strongly promote low-GI foods as the ultimate solution of the obesity problem, but the problems to predict GI of composite 
Complex versus simple carbohydrates
The role of different types of carbohydrate in the regulation of body weight has not been investigated as thoroughly as the role of the total dietary fat content. However, the role of, for example, simple/complex carbohydrates, sucrose/starch have been studied in the European multi-centre trial Carmen, which involved a total of 316 overweight subjects in five different countries. 19 In this study, the impact of 6 months' ad libitum intake of low-fat diets, rich in either simple or complex carbohydrates, on energy intake, body weight and blood lipids was investigated. The results showed that the low-fat diet rich in simple carbohydrates diet reduced body weight by 1.6 kg, while the low-fat diet rich in complex carbohydrates diet produced a spontaneous weight loss of 2.4 kg, compared with the normal-fat control diet. The slightly lower weight loss on simple carbohydrates than on complex carbohydrates did not reach statistical significance. Furthermore, no detrimental effects on blood lipids were observed during either of the two carbohydrate diets. According to this study, the type of carbohydrate (simple sugars versus. complex carbohydrates) does not seem to have much importance for body weight regulation and risk factors as suggested previously. For obese subjects with the metabolic syndrome, a high intake of simple sugars may have an adverse effect on cardiovascular risk factors. 20 By contrast, there is accumulating evidence to support that simple sugars in drinks do not possess the same satiating power as sugars in solid foods, and a high consumption of soft drinks is by many scientists now regarded as being an important risk factor for weight gain and obesity. [21] [22] [23] Whole grain and fibre?
An increased sensation of fullness, and enhanced satiety, may be beneficial effects of a fat-reduced diet that provides ample fibre and whole grain foods. Decreased energy availability of a diet rich in whole grain and fibre might also play a role for body weight. The ingestion of 64 g compared with 34 g dietary fibre/day for 10 weeks in lean healthy males resulted in a 5.7% lower protein utilization and in a 3.0% lower fat utilization. 24 Total energy utilization was 2.9% lower, equal to 400 kJ/day. 24 A theoretical calculation showed that if the fibre intake in a typical American diet is increased from 18 to 36 g/day, the amount of metabolisable energy would be reduced by 540 kJ/day. There are many other putative hidden dietary factors that could play a role. The fat of sunflower seeds do not seem to be absorbed from the gastrointestinal tract, and whole flaxseeds in rye bread exert fat-binding properties in the gastrointestinal tract, and when incorporated into a healthy diet, they have a negative partial digestible energy value. 25 Such plant-based fatreduced diets may be very beneficial for weight regulation. 26 The background for success of popular low-carbohydrate diets: protein
Protein has a very similar energy density to carbohydrate, but protein is more satiating than carbohydrate, and it also produces a greater thermogenic response. 27 Many popular diets, such as the Akins Diet, The Zone and The South Beach Diet, have been marketed as low-carbohydrate diets, but they are probably mainly successful because they are high-protein diets (Figure 4 ). 28 The protein content of these diets is higher than the normally recommended 10-20% of total energy, that is, typically 30-40% of energy content. Newer research indicates that the high-protein content may actually be the reason for the partial success of these diets in inducing weight loss without restrictions in total energy. 28 Diets such as the Atkins may also suppress food intake by producing ketosis through depletion of glycogen stores, induced by a severe restriction of carbohydrates, to an extent that goes far beyond what is commensurate with a healthy diet. Recent evidence shows that ketosis is a health hazard, so that lowcarbohydrate intake should be avoided. 29 Evidence to support that protein facilitates a negative energy balance
There are potential health benefits of increasing the proportion of dietary energy provided by protein at the expense of fat and carbohydrate sources that are less satiating. Overweight and obesity should not be regarded as a 'proteindeficiency condition', but increasing the proportion of the protein content of the diet may be one way to attenuate the obesity problem in a sedentary population, and thereby help to reduce many of the obesity-associated comorbidities. 30 The current evidence from experimental and intervention studies suggests that an increase in the energy provided by protein from the current 15-18% in most diets to 20-35% is associated with a spontaneous reduction in total energy intake and a weight loss of relevance for obese and diabetic subjects. [30] [31] Several experimental feeding studies in humans have shown that protein possesses a greater satiating effect than the equi-caloric amounts of carbohydrate and fat. Weigle et al. 32 found that an increase in dietary protein from 15 to 30% of energy, and a reduction in fat from 35 to 20% at a constant carbohydrate intake, produced a decrease in ad libitum caloric intake and in weight loss. They placed 19 individuals sequentially on the following diets: 2 weeks on a
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weight maintenance 15% protein (P), 35% fat (F), 50% carbohydrate (C) diet; 2 weeks on an iso-energetic 30% P, 20% F, 50% C diet; and 12 weeks on an ad libitum 30% P, 20% F, 50% C diet. They found that the subjects felt more satiated on the iso-caloric high-protein diet than on the weight maintenance diet, and when the subjects were allowed to regulate their energy intake under ad libitum conditions the spontaneous energetic intake decreased by B500 kcal/ day, body weight decreased by 5 kg and fat mass decreased by 4 kg. Also longer-term studies support that an increase in dietary protein from 10-15 to 25-30% of energy, and a reduction in fat from 35 to 25% at a constant carbohydrate intake, produces a sustained decrease in ad libitum caloric intake and a significant weight loss. 33 In one study, weight loss was 9.4 versus 5.9 kg in favour of the high-protein diet over 6 months. After 1 year, the evidence suggested that the high-protein diet reduces visceral fat more than expected from the fat loss. 34 Should we advise overweight and obese patients to increase their protein intake from 10-20% to 20-30% of calories and reduce intake of fat and carbohydrate correspondingly? 35 If this is the case, then we should preferably advise that sugars from soft drinks be replaced by protein from low-fat milk, that high-fat meat and dairy products be replaced by lean versions and possibly that white bread and pasta be replaced by lean meat, without reducing intake of fruit, vegetables and whole grain products. Whether we should advise the public to increase their intake of meat and dairy products must depend on the potential adverse effect of a high-protein diet. Perhaps, now is the time to consider the economic and environmental consequences of increasing the population's intake of protein from fish, meat and vegetables, and how this increase can be incorporated into local cuisine?
Safety of a fat-reduced, high-protein diet
Most experimental studies suggest that a replacement of some carbohydrate by protein has a neutral or even positive influence on inflammation, risk factors for type 2 diabetes, cardiovascular disease and osteoporosis. [36] [37] [38] [39] [40] Even in type 2 diabetic patients without renal complications, a highprotein diet seems to facilitate weight loss and produce a greater reduction in low-density lipoprotein (LDL)-cholesterol than a lower-protein diet. 41 The increased protein content of the diet will normally be based on shellfish, fish, poultry, game, lean pork and beef, and low-fat dairy products, lentils, and beans. However, our knowledge about the health effects of lean meat and dairy products is still limited. Whereas lowfat dairy products may be beneficial for obesity, the metabolic syndrome, type 2 diabetes and cardiovascular disease, there is concern about a possible role in certain cancers. Similarly, processed meat may increase the risk of type 2 diabetes. Based on the available evidence, I find it difficult to warn individuals who will benefit from a weight loss against replacing some of the less nutritious carbohydrate with protein.
The DiOGenes study
The European Union has just funded the B$18 million DiOGenes project (www.diogenes-eu.org), the core of which is a large, multi-centre trial on high-versus low-protein diets, and high versus low GI diets, in obese and overweight families. 42 The primary goal of DiOGenes is to determine the efficacy of dietary macronutrient components for the prevention of weight gain and regain, with specific focus on the role of the GI and of a high dietary protein content in enhancing satiety. The objective is to examine interactions between the dietary components and genetic and behavioural factors. A large, long-term (6-12 months) randomized, controlled dietary intervention study (coordinated by the Department of Human Nutrition in Copenhagen, Denmark) is at the heart of DiOGenes. This intervention study focuses on the whole family and will randomize an estimated 700 obese/overweight adults plus their children (about 350 families) to one of five different dietary arms in eight different countries across Europe. The safety and tolerability of high-protein diets in children in particular will be addressed. Such a study would not have been initiated unless there was a need for more evidence before a higherprotein diet can be more widely recommended for weight control.
